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[57] ABSTRACT

Integrated circuits are tested prior to separation from a
processed wafer. Each circuit has photoreceivers cou-
pled via metallization tracks to an adjacent circuit. The
receivers are used for the input of high speed optical
test signals. The intercircuit coupling tracks are severed
when the wafer is scribed to separate the individual
circuits thus removing the electrical parasitic effects of
the receivers.

8 Claims, 2 Drawing Sheets
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.
TESTING INTEGRATED CIRCUITS

FIELD OF THE INVENTION

This invention relates to methods of testing inte-
grated circuits and to integrated circuits adapted for

testing by these methods.

BACKGROUND AND SUMMARY OF THE
INVENTION

As the operating speed of integrated circuits becomes
faster it is becoming increasingly difficult to test such
circuits using conventional electronic techniques. It 1s
particularly difficult to test complex high speed digital
circuits ‘on slice’, i.e. before the circuits have been sepa-
rated by scribing and dicing the wafer. At present cus-
tom-made probe cards are used to provide electrical
connection td an individual circuit via metal probes

which are placed on the circuit bondpads. This method |

is unsatisfactory for two principle reasons. Firstly the

characteristic impedance of the probe cannot be kept
low enough to match into the integrated circuit. This 1s

due primarily to parasitic capacitance. Secondly, elec-
trical breakthrough from the input probe to the output
probe can cause severe distortion of test waveforms
resulting in somewhat uncertain test results.

Furthermore it is difficult to generate by purely elec-
tronic techniques programmable digital bit patterns or
words of precise pulse widths and pulse spacings at
clock rates greater than 1 gigabit/sec.

The object of the invention is to minimise or to over-
come these disadvantages.

According to one aspect of the invention there is
provided a processed semiconductor wafer including an
array of integrated circuits each of which incorporates
one or more photoreceivers whereby input light signals
may be coupled to an adjacent circuit of the array.

According to another aspect of the invention there is
provided a method of testing individual integrated cir-
cuits prior to separation by dicing from a processed
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wafer, the method including providing on each said =

circuit one or more photodetectors the outputs of

which are coupled to an adjacent circuit of the array,
applying an optical test code to the photodetectors, and
monitoring the response of each said circuit on the test

code. o
The technique is particularly suitable for use with

high speed digital circuits fabricated in gallium arsenide
as it is fully compatible with gallium arsenide process-
ing methods.

BRIEF DESCRIPTION OF THE DRAWINGS

An embodiment of the invention will now be de-
scribed with reference to the accompanying drawing in
which:

FIG. 1 is a schematic view of a portion of a wafer
incorporating a plurality. of integrated circuits, pro-
vided with means for the application of optical test
signals, and | |

FIG. 2 is a schematic diagram of an apparatus for
generating optical test signals for use with the wafer of
FIG. 1.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Referring to FIG. 1, the processed semiconductor
wafer, e.g. of gallium arsenide, comprises an array of
similar integrated circuits 1C1, 1C2, IC3. Each circuit
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has a plurality of bond pads 11 for subsequent connec-
tion to the circuit when that circuit is removed from the
wafer and package. Some of the bond pads, e.g. 112, 113
are used as input terminals for the input of signals to the
circuit. These terminals are also employed as test termi-
nals for the input of test signals to the circuit. Wide band
photoreceivers 12 are fabricated on each circuit (e.g.
IC2) adjacent the bond pads of that circuit and are
coupled via metallisation tracks 13 to the electrical
input bond pads 112, 113 of the adjacent circuit (IC1).
‘Each photoreceiver 12 comprises a photodetector 121
and an associated amplifier 122. Power supplies for the
photoreceivers (121, 122) on IC2 may be provided via
metallisation tracks from IC1. The tracks 13 cross a
scribe channel 14, typically 100 microns in width, so
that, when the circuits are separated by scribing and
dicing of the wafer, the interconnection between adja-
cent circuits is broken. By severing the interconnection
the photoreceivers are disabled and they thus have no
parasitic effect on the subsequent operation of the inte-
grated circuit. | |

Instead of conventional on-slice testing in which
metal probes are used to apply test signals to the chips
via the test bond pads 112, 113 these signals are coupled
optically to the photoreceivers via an array of optical
fibres (not shown). These optical fibres may be posi-
tioned with sufficient accuracy by mounting on a probe
card alongside metal guides. Test data streams in the
multigigabit/sec. range may be coupled to the chip in
this manner. The principle speed limitations are those of
generation and photodetection, both of which have
been demonstrated to exceed 5 GHz.

The arrangement of the photoreceivers on the wafer
ensures that, after scribing, the photoreceivers are fully
isolated from the digital circuits and will thus not ad-
versely affect either power consumption or capaci-
tance.

High speed data words of the type required for func-
tional verfication of complex GaAs logic ICs may be
generated optically by using the arrangement as shown
in FIG. 2. In this arrangement very narrow (e.g. 50 ps)
pulses are generated by biassing a semiconductor laser
21 just below its lasing threshold and then driving it
with a high power radio frequency signal from a gener-
ator 22 and amplifier 23. The amplifier output 1s fed to
the layer 21 via a two input bias tree network 24 and a
matching circuit 25. The other input of the network 24
is driven by a bias source 26. The narrow pulses are
produced at the peak of each r.f. cycle and thus the
waveform generated is a train of narrow optical pulses
with a period equal to the r.f. signal frequency. Typi-
cally the narrow pulses are passed through an arrange-
ment of beam splitters 27, 28, 29 which are spaced by
distances such that the time taken for an optical puise to
travel from one to the next is At ps. The output from
each beam splitter is focussed via a lens 30 into a match-
ing input of a multi input fibre optic combiner 31
whereby the optical signal is directed to a photore-
ceiver 12. The output of the combiner 31 is a stream of
optical words, with the word rate governed by the r.f.
signal driving the laser. Each word is made up from
narrow pulses with spacing between pulses of At ps. If
all beam splitter outputs are used, a stream on ‘ones’
results. ‘Zeros’ may be inserted into the word by blank-
ing the appropriate input to the fibre combiner. These
high data rate optical words are fed to the chip under
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test via the photoreceivers. Typically the laser wave-
length is 0.81 microns.

The technique is based upon the application of digital
test pulses to the input connections of digital integrated
circuits in the form of pulses of light energy rather than
electrical energy. This energy is then converted to elec-
trical energy, through photodetection, on the integrated

circuit to be tested. A convenient method of photode-
tection on GaAs substrates is the use of a pair of inter-

digitated electrodes which form an interdigitated pho-
todetector. When bias is applied across the electrodes,
which are formed of Schottky barrier metal (e.g. Au or
Al) deposited directly upon the GaAs SI substrate ma-
terial, photogenerated hole—electron currents flow
under the influence of the bias field. These carriers are
collected on the appropriate electrode. Detectors of this
type have been shown to respond to modulation fre-
quencites of up to 18 GHz. They are sensitive to optical
photons with energy greater than the material bandgap,
ie. A of <0.9 nm.

Following photodetection amplification is required in
order that digital logic level swings may be generated
from relatively low power optical pulses, i.e. | mW say,
which can be easily generated from a semiconductor
laser. The output of the combined photodetector-
amplifier is then connected by integrated circuit track
metal to an input bond pad. This bond pad is the one
through which electrical signals will pass when the chip
is scribed up and for which the optically generated
signals are a substitute.

The pulse modulated light may be fed to the photode-
tector as a focussed space beam or via an optical fibre.
‘The latter method is preferred since an optical fibre can
easily replace an electrical probe on a test probe card,
making alignment of light and detector a simple matter.

The technique is particularly suitable for use with
gallium arsenide circuits as the interdigitated photode-
tectors and wideband amplifiers are fully compatible
with GaAs digital IC processing. That is, they can be
fabricated at the same time, with the same process steps
and under the same conditions as are essential for GaAs
digital ICs. This means that GaAs digital ICs can be
designed with provision for both optical and electrical
data inputs, the former for on slice tests and the latter
for standard connection.

A further use of the technique is the reduction of

“clock skew” between several integrated circuits driven
by the same clock waveform. In high speed circuits, and
high speed circuit arrays, electrical capacitance effects
can delay clock signals to one chip (or part of a chip)
with respect to other chips (or parts of a chip) causing
timing slippage and, at sufficiently high clock rates,
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causing errors. This phenomenon is known as “clock
skew”. Clock skew can be overcome by broadcasting
the clock waveform on an optical carrier to a photore-
ceiver on each and every relevant chip (or parts of
chips). Thus, in this case, electrical connection of clock
circuits is avoided.

I claim:

1. A processed semiconductor wafer including an
array of integrated circuits, said array comprising a first

integrated circuit and a second integrated circuit adja-
cent said first integrated circuit on said wafer each of
which first and second integrated circuits incorporates
one or more photoreceivers and means whereby input
signals to said first integrated circuit may be coupled
from said first integrated circuit to said second inte-
grated circuit of the array. |

2. A wafer as claimed in claim 1, wherein a power
supply for one of said photoreceivers incorporated on
said first integrated circuit is disposed on an integrated
circuit adjacent said first integrated circuit and is cou-
pled to said one of said photoreceivers via a metallisa-
tion track.

3. A wafer as claimed in claim 1 wherein each said
integrated circuit comprises a signal input and a photo-
receiver and wherein said photoreceiver on each said
integrated circuit is coupled to a signal input of another
integrated circuit. |

4. A wafer as claimed in claim 3, wherein coupling
between each said photodetector and another inte-
grated circuit is effected across a scribe channel
whereby the coupling may be disabled upon separation
of said integrated circuits from said wafer.

3. An integrated circuit diced from a processed wafer
as claimed in claim 1.

6. A method of testing individual integrated circuits
prior to separation by dicing from a processed wafer on
which each integrated circuit is adjacent at least one
other integrated circuit, the method including provid-
ing on each said integrated circuit at least one photode-
tector the output of which is coupled to a signal input of
another integrated circuit adjacent said integrated cir-
cuit of the array, applying an optical test code to the
photodetector, and monitoring the response of said
adjacent integrated circuit to the test code.

7. A method as claimed in claim 6, wherein said opti-
cal code is derived from a radiofrequency signal cou-
pled to a semiconductor laser biased to a level immedi-
ately below its lasing threshold.

8. A method as claimed in claim 7, wherein said opti-
cal code comprises optical words formed from a combi-

nation of delayed signals from the laser.
* % % Xk %
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